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Chlorine Dioxide 

Toxicity in Aninwl Experiments and Industrial Risks 

TORE DALHAMN, M.D., Tomteboda, Sweden 

Introduction 

Chlorine dioxide gas has excited increas
ing attention since the discovery of its in
dustrial usefulness for bleaching inter alia 
paper pulp. This has entailed interest in the 
toxicology of the gas. The available indus
trotoxicologic literature, however, contains 
only a few reports on chlorine dioxide. 
Elkins 1 'described two cases of chlorine di
oxide poisoning, one of them fatal, after 
exposure to about 19 ppm for a not precisely 
defined period. According to this writer, the 
gas is a respiratory irritant and must be 
handled with extreme caution. 

The maximum allowable concentration of 
chlorine dioxide has been estimated at 1 
ppm. A search of the literature, however, 
has yielded only one mention of tests on 
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animals. Taylor and associates 2 reported 
figures for the duration of exposure to, and 
concentration of, chlorine dioxide in experi
ments on guinea pigs but presented no de
tailed data. 

The chemical and technical literature on 
the subje4t is more abundant, e. g., Holst.3 

For presbt purposes, however, the only 
relevant lspects are laboratory production 
and deterbination of chlorine dioxide gas. 

I 

Production of Chlorine Dioxide 

In gaseous form chlorine dioxide (Cl02 ) 

is yellow I and has an unpleasant, irritating, 
and characteristic odor. Its melting point is 
- 59 C, and its boiling point is + 11 C. 
Liquid Cl02 is red and explosive. The gas 
is also explosive, although this property 
seems to I have been exaggerated by earlier 
writers. According to Angel,4 the explosion 
level · is 10% of Cl02 in a gaseous mixture. 

Distilled water 

Figure 1 
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When chlorine dioxide comes into contact 
with organic matter, however, even very 
low concentrations carry a risk of explosion. 
This fact should be kept in mind when the 
gas is used. 

For the animal experiments in this study 
chlorine dioxide was produced with the _ap
paratus shown in Figure 1 and according to 
the following mode of reaction: 
8NaCI0,+8HCl~8NaCl+CI2+4-H20+6CI02 ( 1) 
2NaCIO,+CI.~2NaC1+2CI02 (2) 

Hydrochloric acid was run into a flask con
ta iining solid sodium chlorite (Equation 1 ). 
The chlorine gas formed and the chlorine di
oxide gas were led into a wash bottle con
ta i!ning sodium chlorite solution (Equation 2). 
The chlorine gas reacted with this solution to 
form chlorine dioxide. In the dissolving column 
the chlorine dioxide was then dissolved in 
distilled water according to the countercurrent 
principle. This method thus avoided the 
presence of chlorine gas, which is potentially 
important for measurements of chlorine dioxide 
concentration. 

Such determinations were made with the 
titrimetric procedure described by Giertz.5 

The iodometric principle may briefly be de
scribed as follows: 

A solution of potassium iodide is buffered 
w ith phosphate to pH 7.0, checked with litmus 
paper. CI02 reacts with KI in neutral solu
tion thus: 
CI02+KI~KCI02+~ I,. 
Any CI, gas present reacts with the dissolved 

KI in the following manner, whether the solu
tion is neutral or acid: 
c1.+2K1~ 2KCI+ r .. 
If the pH is somewhat alkaline, the chlorine 

may react by forming iodate, which distorts 
CJ, readings. 

Acid pH prevents this iodate formation but 
entails a risk that the chloric acid formed by 
the CI02 will have time to react. For further 
details of the method the reader is referred to 
Giertz.5 

In determining the content of CIO,, calcula
tion is first made of the content of I2 at pH 
7.0. Titration is carried out with N a,S,O, of 
suitable normality (0.1 or 0.01 N). The sample 
is then acidified, and after three minutes the 
following reaction is considered to be complete: 

KCl02+4Kl +2H,so.~ 2I2+ZK2SO,+ KCI+2H20. 
The quantity of Na2S20a now required for 

titration is equivalent to four-fifths of the 
CJ.O, gas. As the KI solution is somewhat 
unstable, it is exposed as little as possible to 
light. 
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On the basis of the above reactions, Giertz • 
evol~ed the foliowing formulae for calculating 
Cl02: 

Tn'=amount of Na2S20s required at neutral 
pH. 

Ts=amount required at acid pH (i. e., m
cluding Tn). 

N=normality of the Na2S20, solution. 
The amount of Cl02 is thus 5/4 (Ts-Tn), 
and the amount of CI2 is Ts 5/4(Ts-Tn). 
CI02 undergoes a change in valency of five, 
cc1•++5e-~Cl-), whereby its gram equiva-

1 b 
67.5 

ent ecomes - 5- and the number of milli-

gra~s of CI02 

5· (Ts-Tn)N·67.5 
I 4.5 

5 
4 • (Ts-Tii)N · 13.S. 

A 1 1. f ClO . h 67·5 
s iter o 2 we1g s 22.4 gm. 1 ppm cor-

67.5 
resplnds to Cl02 22.4 · 106=0.003 mg/l. 

The pure solutions of Cl02 used for the 
I . . 1 d exp9nments on amma s ma e measurement 

of chlorine concentration superfluous. In 
industrial premises, however, it may be nec
essary to distinguish between Cl2 and Cl02• 

The above reaction should therefore be kept 
in mind. 

I Animal Experiments 

The paucity of investigations of Cl02 

toxi~itv in animals seemed to warrant study 
I -

of tfue effects of respiratory exposure to the 
gas. I 

T~e apparatus used is illustrated in Figure 
2. ]nto the mixing vessel were led com
presked air alone and Cl02 gas via air bub
bled I through a solution of Cl02 . After 
passing through the exposure chamber, the 
bottom of which was covered with blue gel, 
the air·-Cl02 was allowed to escape either 
throhgh a fume cupboard or, when the mix
ture I was sampled, through a Peligot tube 
contfining KI solution and via a drying 
tower through a gas meter. 

F ?ur series of rats· were exposed to Cl02 
gas in various concentrations and for vari· 
ous ~eriods. 

The first series comprised six rats. Three 
of t~ese were thrice exposed at weekly inter
vals I to very high Cl02 concentrations for 
three minutes. The other three rats acted 
as cbntrols. The results are presented in 
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Water suction 

j Ou t let to tume cup b oa r d 

- Comp r essed air Figure 2 

Peligol tube containing 
Kl so l ution 

Table 1. The respective approximate con
centrations of Cl02 were 3400, 1100, and 
800 ppm. Despite the short period of ex
posure the rats were clearly affected. Re
spiratory distress was conspicuous. The 
weight of the three exposed rats fell, while 
that of the three controls increased. 

TABLE 1.-Wei.ght of Rats Exposed to CIO: for 
Three Min.ides at Weekly Intervals 

Mean Weight, Gm. 
Exposed on, c10,, 

Exposed Rats Controls Day Ppm 

l 3,435 268 247 

s l,llS 262 257 

10 760 242 269 

Histologic study showed small areas of 
recent bronchopneumonia and hyperemia of 
the renal corticomedullary junction in two 
of the exposed rats. The lungs and kidneys 
of the third exposed rat were normal. 

In all three control rats the lungs were 
healthy, but renal hyperemia was present in 

two. 
The four rats of the second series were 

exposed to abOut 260 ppm of Cl02 for two 
hours. To maintain a fairly constant con
centration, the gas was changed every half 
hour. The readings were 265, 264, 266, 
and 245 ppm, respectively. 

The rats were severely affected. Ocular 
discharge and epistaxis were specially prom
inent. One rat died after about an hour's 
exposure. The others were killed as' soon as 

Daf/11111111 

Ct02 sdlution 

exposure had ceased. The kidneys, liver, 
spleen, and lungs of all four rats were 
microscopically examined. Pulmonary ede
ma and circulatory engorgement were in
variably present. 

The third series consisted of 10 rats. Five 
were exposed daily for a mean period of 
four hours to about 10 ppm of Cl02• The 
other five were used as controls. Tab!~ 2 
shows t~e concentration range of Cl02 for 
each day. The urine was examined for 
protein, and the weight of the rats was 
charted. The exposed rats showed marked 
distress 1n ~he form of rhinorrhea and em
barrassed respiration. 

The number of positive urinary protein 
tests was not greater in the exposed rats 
than in \the controls. The weight of the 
exposed rats, however. showed a mean re-l . 

TABLE 2.1
1 

Weight of Rats Exposed to C/O, for 
About Four Hcnirs Daily 

I 
Day of I c10,, Ppm 

Exposure (Range) 

l 2.2- -!.7 
3 i.3-14.5 
4 8.6-11.4 
7 7.1-12.4 
8 9 .5-13.8 
9 6.0-12.l 

10 9.2-12.3 
11 2.3- 6.6 
13 8.9-10.3 
14 

•one rat died. 
tTwo rats died. 
tTwo rats died 
before exposure commenced. 

Mean Weight, Gm. 

Exposed Rat.s Controls 

287 
271 
273 
254 
248 
229 
221 
217* 
213t 
201+ 

§One rat killed . 
u Two rats killed. 
1/Two rats killed. 

289 
290 
291 
287 
287 
288 
292 
295§ 
298 n 
301 11 
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p.p,.m. Cl o
2 
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Figure 3 

duction of about 80 gm., while that of the 
controls was largely unaltered. 

One rat died after 10 days' exposure, and 
two died after a further day. The two re
maining rats died on the 13th day. 

The kidneys, liver, and lungs were ex
amined. In all the exposed rots microscopy 
showed changes resulting from respiratory 
infection with acute renal and hepatic con
gestion. Nothing of . note was seen m the 
control rats. 

The fourth senes also contained 10 rats. 
Five were exposed during about 10 weeks 
to approximately 0.1 ppm of Cl02 for a 
mean daily period of 5 hours. The other 
five rats were controls (Fig. 3). 

During the period of exposure the rats 
were not noticeably affected. Nor <lid their 
weight curve differ from that of the controls. 

Histologic examination showed normal 
kidneys, liver, and lungs in the exposed rats . 
.Respiratory infection was present in three 
of the control rats. 

The effect of the exposure procedure as 
such was investigated by exposing six rats 
to compressed air without CI02 for 5 hours 
daily during 10 days. The rats' condition 
and weight remained unaffected (Table 3) . 
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Histologic study of these six rats revealed 
I 

purulent bronchitis in two. The lungs of 
the others were normal in appearance, and 
in nb case was there renal hyperemia. 

I Industrial Investigations 

As already mentioned, Cl02 is increasing
ly being employed as an industrial bleaching 
agent. The risk of toxicity has thereby also 
increased. The exposure to CI02 in two 
large industrial plants ~'as therefore inves
tigated. 

Iili a paper pulp works a total of 10 air 
sam~les was taken in the preparation de
pad ment and in the bleachery. The ap
paritus used is shown in Figure 4. Air was 
sucRed through a wash bottle containing KI 
sol1tion and was conducted via a drying 
towf r to a gas meter. In 9 of the 10 samples 

(fABLE 3.-W eight of Rats Exposed to 
Compressed Air 

I 

1

R a1, 
No. 

Weight, Gm. 

Before After 
:V~xposure Exposure Ditfer~nce 

---·-·---------------~----- ·-·-----·-

! 
l 194 221 +27 
2 214 2"-8 +14 
:l 202 22.5 +23 
4 20.> 22fi +21 
5 220 227 +7 

I ~ 190 20s +is 
-·--,- ------·------- ---· -··------ · 

~rean 204 222 +18 
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2% (range -+-0--3.9). The correspond
ing figure for Cl2 was also 2% (range 
+9.9--2.1). I made no further tests of 
the method as such, as the above figures 
show that the differences in the relevant gas 
concentrations were well demonstrable with 
Gi.ertz' technique. 

Rats were exposed to Cl02 in various 
concentrations and for various periods. It 
was thereby shown that high concentrations 
produced marked effects even when given 
for a short time (three minutes or two 
hours). The rats' respiration was distressed, 
and there was copious ocular and nasal 
secretion. Epistaxis was also seen. Ne
cropsy showed recent bronchopneumonia 
and pulmonary edema in the exposed rats. 
Circulatory disturbances of congestive type 
were frequently found. Two of the nine
teen control rats, however, also showed cir
culatory congestion. Five had respiratory 
infection. Repeated exposure to Cl02 in 
high concentration ( 10 ppm) resulted in 
death of all the rats within 14 days. Dis
tressed breathing, increased secretion from 
the nose and eyes, and loss of weight oc
curred as in the other series of exposed 
rats. The histopathologic findings were uni
form-severe purulent bronchitis, dissemi
nated areas of recent bronchopneumonia, 
and acute renal and hepatic congestion. 

In rats repeatedly exposed to a much 
lower concentration of Cl02 (0.1 ppm), no 
abnormal reaction was detected during life 
or at necropsy. There was no loss of 
·weight. 

In two factories air was analyzed. The 
concentration of Cl02 in the great majority 
of the samples was less than 0.1 ppm. Only 
in special processes or under "disaster con
ditions" were higher concentrations regis
tered. The symptoms described by workers 
who in all probability had been exposed 
to Cl02 in toxic concentrations tallied well 
with the findings in the exposed rats. Thus, 
there was respiratory distress with "bub
bling" breath sounds and increased secretion 
from the nose and eyes. 
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These experimental and industrial studies 
shov.f ed, therefore, that the main disorders 
resulting from exposure to Cl02 were diffi
cult~ in breathing and nasal and ocular 
disdiarge. Pulmonary edema and broncho-

1 

pneumonia were the most important ne-
cropsy observations. 

In considering a maximum allowable con
centration for Cl02, the following facts 
are pertinent. 

Rats repeatedly exposed to about 10 ppm 
of the gas showed the above-mentioned re
actions and died after less than 14 days' ex
posure. Repeated exposure to 0.1 ppm for 
about 10 weeks, on the other hand, produced 
no ii1jurious effects in rats. 

In' the industrial premises examined, the 
atm6spheric concentration of CI02 seldom 

I • 

reached 0.1 ppm. Men exposed to this con-
cent~ation appeared to suffer no ill effects. 
The ! symptoms reported by men who oc
casionally had been exposed to higher Cl02 
concentrations, however, were in conformity 
with the observations in rats. 

These results indicate that 0.1 ppm at 
present is acceptable as a maximum allow
able concentration for Cl02 . A study of 
persons exposed to Cl02 would neverthe
less I be of value. It would make for greater 
clarity in the choice of an M. A. C. based 
on ~xperimental and clinical considerations. 

I 
I Summary 
I 

~ats were exposed to chlorine dioxide 
gas ~n various concentrations and for various 
peripds. Respiratory distress and increased 
sedetion from the eyes and nose resulted. 
All ! the rats exposed daily to 10 ppm of 
CI02 died in less than 14 days. Purulent 
bronchitis and disseminated bronchopneu
moriia were found at necropsy. No such 

I -

chaipges were demonstrable in rats exposed 
to kpproximately 0.1 ppm for about 10 
weeks. 

-~ir samples from industrial premises 
ver} rarely contained more than 0.1 ppm 
of Cl02. Men exposed to this concentration 
wefe symptom-free. Toxic concentrations, 
however. in all probability had been reached 
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on two occasions. The symptoms in the 
affected men resembled the changes observed 
in rats exposed to the same gas and in
cluded respiratory distress, "bubbling" 
sounds in the chest, and increased nasal 
and ocular secretion. 

National Institute of Public Health. 
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